In this review, we describe postpartum sleep as characterized by marked fragmentation, resulting in nearuniversal fatigue during the initial postpartum period. This sleep disturbance and fatigue are major contributing factors to the onset of affect and mood disturbance, which in turn is strongly associated with an increase in negative infant-parent interactions and adverse infant emotional and cognitive outcomes. Although less-frequently studied, postpartum fathers also experience sleep disturbance and sleepiness associated impairments that impact their families. Despite this, postpartum sleep should be considered a normative developmental period, and the need for intervention can be seen as a byproduct of social and economic expectations that new parents return to the workforce soon after childbirth. Heretofore, there is little evidence to support the efficacy of interventions to improve parent sleep, though some suggest that socially disadvantaged families may benefit most from advice regarding infant and maternal sleep. Also reviewed here is the evidence for a high proportion of children reported to co-sleep with their parents -despite the professional recommendations in the United States -and the need for family education regarding safe co-sleeping. Finally, one obstacle to a woman's decision to breastfeed may be concern about how this will affect her sleep; the evidence for a lack of impact of infant breast feeding on maternal sleep is evident.
Partial sleep deprivation erodes cognition, mood, and motor skills [1] . In classic studies, performance decrements became significant after only one night of <3 hours of sleep, or two consecutive nights of 5 hours [2] . Indeed, partial deprivation (<5 hours) causes greater functional impairment than either short or long-term complete sleep deprivation [3] . Impairment is so great that subjects have become unwilling or unable to continue participation in gradual sleep reduction studies due to their inability to function on less than 5 hours of sleep per night for one month [4] .
Sleep fragmentation, distinct from sleep deprivation, is increasingly studied due to its association with the highly prevalent sleep disorders obstructive sleep apnea [5, 6] and periodic limb movement disorder [7] [8] [9] . In contrast to sleep deprivation, sleep fragmentation causes frequent interruption of sleep architecture throughout the night while generally preserving total sleep time [1] . Consistent with deprivation, fragmentation -whether experimentally induced or the result of a sleep disorder -also leads to excessive daytime sleepiness and decrements in cognitive performance [10, 11] , executive function [12] , and quality of life [13] . The theoretical explanation for this cumulative work is that a minimum duration of uninterrupted sleep may be necessary to maximize sleep's neurocognitive benefits [1, 11, 14] .
POSTPARTUM SLEEP FRAGMENTATION
The issue of sleep fragmentation is relevant to postpartum parents because their sleep is characterized by frequent interruptions. Infant sleep follows a polyphasic pattern, distributed almost equally across the day and night [15] and the infant sleep cycle duration is roughly 50-60 minutes, unlike the approximate 90 minute sleep cycle of older children and adults [16] . There are also large individual differences in infant sleep unrelated to maternal demographic characteristics. Infants from birth to 12 months sleep 6-12 hours/day with an average of 3 nocturnal awakenings (even more in the early months) and napping accounting for <1 hour to 6 hours/day. Further, napping may be organized in one prolonged (four hour) nap or up to eight five-minute naps [17] . Thus, adults who must replicate the typical infant sleep pattern end up with highly fragmented sleep.
The cumulative data support a profile of postpartum women's sleep as being characterized by fragmentation, but not necessarily deprivation. Dorheim and colleagues' [18] comparative sample of non-depressed mothers at two months postpartum had total sleep time of 7.8 hours, time in bed was 9.0 hours, and sleep efficiency was 87.6%. Posmontier's [19] sample of non-depressed mothers from 6-26 weeks postpartum had sleep efficiency of 89.2%. Our recent work . One-week actigraphic tracing for a nulliparous woman (A) age, marital status, and income matched to the primiparous woman (B) at postpartum week 2. On both images, midnight is in the middle, each horizontal rectangle represents one hour, the dark blue sections are when the actigraph was off the participant, and the light blue sections represent her time in bed from sleep onset to sleep offset (corroborated using a sleep diary). These figures illustrate the total sleep time between women did not differ, but their level of sleep efficiency, a measure of sleep fragmentation, was markedly different; the nulliparous woman's sleep was highly consolidated, in contrast to the postpartum woman who experienced high levels of sleep interruption throughout the night and who therefore had to dedicate greater time in bed to achieving the same total sleep time.
showed that non-depressed women 2-16 weeks had 7.2 hours per night, which did not change significantly across postpartum weeks, while efficiency improved from 79.7% at week 2 to 90.2% at week 16 [20] . Postpartum sleep fragmentation is illustrated by Fig. (1) .
In a related manner, the specific types of sleep disturbances (e.g., sleep fragmentation and sleep deprivation) experienced are associated with specific daytime conditions and impairments [21, 22] . Specific to postpartum women during the early postpartum period, objectively measured total sleep time was associated with subjective sleepiness; objectively and subjectively measured sleep fragmentation was associated with neurobehavioral performance; and subjective sleep quality was associated with sleepiness and fatigue ratings [22] .
Given the evidence thatpostpartum women are sleep disturbed but not necessarily sleep deprived, it makes sense that -despite common advice to "nap when the baby naps" -women do not devote much time to daytime napping. In one study, mothers napped on average 0.4-2.0 times per-week, which accounted for 3.13-18.5 minutes of sleep time perweek during the initial postpartum weeks [20] , and virtually all napping behaviors ceased after the initial postpartum weeks [20, 23] .
SUBJECTIVE SLEEP DISTURBANCE
Subjective sleep disturbance is common among new mothers, and they report being surprised by their level of disturbance and daytime exhaustion [24] . Our recent work indicates that during the early postpartum period, mothers tend to overestimate their nocturnal wake time when compared to objective measures [22] . An accurate representation of how mothers think they slept is important because their subjective sleep quality predicts subjective daytime sleepiness [22] , as well as daytime behaviors such as napping [23] . Most concerning, as sleep disturbance accumulates, which leads to subsequent daytime sleepiness, individuals become less accurate judges of their own levels of sleepiness [25] . Accurate perception of one's own state could have far reaching and dire consequences. For example, if a parent was to perceive himself/herself as less sleepy than he/she really is, he/she may engage in a risk associated task while objectively impaired, thus putting himself/herself (or their family) at undue risk.
Furthermore, postpartum mothers describe their sleep as a "negotiated behavior". In other words, mothers must strategically adjust their sleep schedule to match their newborns'. For mothers, the postpartum period is characterized by twice their usual level of subjective daytime sleepiness, a decrease in sleep efficiency, and three times the number of reported nighttime awakenings compared to during pregnancy [26] . The majority of sleep disturbances are caused by the newborns' sleep and feeding schedules [27] . As previously described, infant sleep cycles are shorter than adults, thus leading to a dyssynchrony among the parent infant dyad. Young infants also have a high metabolic demand, which leads to a high frequency of nocturnal infant feedings that disturb maternal sleep [28] . Additionally, mothers report sleep disturbances that are driven by worry about the baby, sleeping arrangements, and exhaustion from the birth [24] .
Postpartum sleep disturbances are also caused by the natural physiological alterations that follow childbirth. In a study where mothers slept away from their infants, maternal sleep disruption continued [29] , which may have been due to physiological factors such as various hormonal regulations [30] . Physiologic changes that occur during pregnancy may have significant influences on sleep after birth. For example, throughout pregnancy cortisol, estrogen, and progesterone levels increase: high cortisol is associated with stress and depressive symptoms; high estrogen is associated with less REM sleep, fewer night wakings, longer sleep times, and a decrease in sleep latency; and progesterone has a sedative effect and is known to increase non-REM sleep [30] .
The sleep promoting effects of estrogen and progesterone are highest during late pregnancy and decrease immediately after delivery [30, 31] . From a homeostatic viewpoint, the precipitous decrease in these hormones after delivery challenges the body to make up for the absence of their sleep promoting effects during the postpartum period.
CONSEQUENCES OF MATERNAL POSTPARTUM SLEEP DISTURBANCE FOR MATERNAL MENTAL HEALTH
Most work on the effects of postpartum sleep disruption has focused on maternal postpartum depression [32] . Originally described as "post partum blues syndrome" [33] , up to 85% of women report experiencing the "baby blues" within the first week following childbirth [34] , a known risk factor for the onset of postpartum depression [35] . Postpartum depression is diagnosed in 10-15% of women within the first 4 weeks after delivery [36, 37] but may have an onset of up to 2 years after delivery [38, 39] . This reflects the rate of depression among the female population, but onset during the childbearing years is most common [40] [41] [42] .
An association between the infant's polyphasic sleep, maternal sleep disturbance, and maternal depression has been consistently reported. The fatigue reported by most women during the initial postpartum period is a major factor contributing to the onset of affect and mood disturbance. Swain and colleagues found that negative mood during the first postpartum week was mediated by the amount of time mothers spent awake at night [43] , and fatigue has been shown to co-vary with scores on the Beck Depression Inventory during the first 2 postpartum weeks [44] . "Infant sleep problems" (reported by as many as 46% of parents) are associated with higher parental depression scores [45] . Fisher and colleagues propose that because fatigue plays such a major role, postpartum affect should be seen as a continuum indistinct from fatigue [46] . This issue is so ubiquitous that in one intervention study, 9% of women treated for postpartum depression were prescribed hypnotics to eliminate fatigue as a sole cause of mood disturbance [47] .
While sleep disruption is consistently linked with the onset of postpartum depression and depressive symptoms, it has been difficult for researchers to disentangle the cause and effect relation between the two [48] . However, some work suggests a causal effect of sleep leading to affect changes. Lee and colleagues used polysomnography pre and postpartum and found that at 1 month after delivery a negative affect group had an average of 1.7 fewer hours of sleep per day than during their third trimester, and 1.3 hours less than the positive affect group whose sleep remained unchanged from their third trimester [49] .
Researchers have also shown that improving the infant's sleep leads to improvements in maternal depression scores [48, 50] . Dennis and Ross' work strongly implicates sleep disturbance as a precipitating factor for onset of depressive symptoms. The authors recruited women with no history of depressive symptoms prior to pregnancy, during pregnancy, or by 1 week postpartum and found that greater perception of fatigue was related to higher depression scores at 4 and 8 weeks postpartum. At 4 weeks mothers with scores >12 were 3 times more likely to report that that their infants did not sleep well, and 6 times more likely to report that their infants sleep pattern did not allow the mother to obtain a "reasonable" amount of sleep. Importantly, the authors also report that at both 4 and 8 weeks postpartum, "not being able to get a break and having a baby that slept less than 60 minutes during the day were significantly associated with depressive symptomatology" [51, p191] indicating that nocturnal sleep is highly important.
Overall, the significant deleterious daytime consequences frequently experienced by new mothers may be similar to the effects of fragmenting sleep disorders. However, although postpartum sleep may resemble profiles of sleep from fragmenting sleep disorders, it is important to note that postpartum sleep is not a disordered state. Rather, postpartum sleep should be considered a normative developmental period. This normative period is belied by profoundly high rates of parent-reported "infant sleep problems" [52] , which suggests that there is either an epidemic of sleep dysfunction among the infant population (which we think is unlikely), or that parents may have acquired unreasonable expectations about when and for how long their infant should sleep. Further, we expect that our society's trend away from a culture of extended family may have a duplicative effect. First, without the opportunity to observe others going through this normative lifespan period, this first-hand experience may be parents introduction to the realities of long-term sleep disturbance and its effects on their life in so many domains -including health, cognition, function, and relationships quality. In addition, the lack of extended family may mean that parents do not have the support that would ameliorate some of these impacts.
CONSEQUENCES OF MATERNAL SLEEP DISRUPTION FOR INFANT DEVELOPMENT
Studies support a link between postpartum sleep and depression, which is in turn strongly associated with an increase in negative infant-parent interactions and adverse infant emotional and cognitive outcomes [53, 54] . Infants of mothers with postpartum depression have more eating and sleeping difficulties, and fewer vocal, visual, and physical interactions with their mother. These infants are more likely to have failure to thrive, reduced cognitive abilities, and greater behavior, emotional, and social problems [55] . Even among non-depressed mothers at 3 months postpartum, fatigue was associated with difficulties in maternal-infant relationships [56] . These women are less likely to continue breastfeeding, to interact with their infant by playing and talking with them [57] or to follow a routine, suggesting that these mothers may benefit from intervention strategies aimed at improving scheduling.
POSTPARTUM PATERNAL SLEEP
Despite the compelling work on maternal postpartum sleep, little is known about the sleep of postpartum fathers'. There is some evidence that fathers also experience changes in sleep from the prenatal to the postpartum period. In a qualitative study, first-time fathers reported that all daily activities center around the infant's caretaking needs and sleeping times [58] . Furthermore, the sleep time of first-time fathers was significantly lower during the early postpartum period when compared to their sleep time assessed when their partners were at 23 weeks gestation [59] .
An examination of first-time parents during the third trimester of pregnancy and postpartum month four revealed that fatigue levels were significantly higher during the postpartum period and did not differ between mothers and fathers [60] . To date, a single study included objective (actigraphy) sleep assessment of first-time fathers. Both mothers and fathers had less sleep, had more self-reported sleep disturbance, and had higher ratings of fatigue during the first month postpartum when compared to their levels during the pregnancy [61] . Interestingly, fathers had less 24-hour sleep than mothers during both pregnancy and the postpartum period; however, mothers had more sleep fragmentation than fathers during both assessment times. Overall, postpartum parents have more sleep fragmentation and less total sleep time during the initial postpartum period when compared to their levels during the mother's third trimester. Indeed, our recent work replicated these findings among postpartum parents during the third to eighth postpartum week [62] . In our study, postpartum women had lower total sleep time and higher sleep fragmentation compared to childless control women, and postpartum fathers had higher sleep fragmentation compared to childless control men. To our knowledge, no study has quantified paternal napping behaviors.
CONSEQUENCES OF PATERNAL POSTPARTUM SLEEP DISTURBANCE
Little is known about the effects of postpartum sleep on new fathers, though much of the postpartum literature emphasizes the need to include fathers [60, 63] . Nevertheless, important strides have been made to examine the condition of postpartum fathers. For example, the Edinburgh Postnatal Depression Scale was recently validated for men [64] . This measure was used to detect a significant correlation between the incidence of depression symptoms among mother-father dyads [65] . Evidence suggests that new fathers experience postpartum depressive symptoms that are positively associated with infant sleep problems [66] . Our recent work has also extended knowledge about the influence of postpartum sleep disturbance on the condition of new fathers [62] . During the early postpartum period, nulliparous mother and father dyads experienced high levels of objectively measured sleepiness (Multiple Sleep Latency Test), while fathers experienced higher levels than mothers. Postpartum mothers and fathers did not differ on subjective sleep quality, sleepiness, or fatigue ratings, but mothers demonstrated worse neurobehavioral performance. Overall, both postpartum mothers and fathers experienced higher levels of sleep disturbance, sleepiness, and sleepinessassociated impairments relative to control women and men, respectively.
CONSEQUENCES OF PATERNAL SLEEP DISRUPTION FOR INFANT DEVELOPMENT
Fathers' sleep is important because the time that fathers spend with their infants following birth has a positive impact on infant development. Among fathers, an active parental role is important because the time fathers spend with their infants following birth leads to positive infant and child outcomes [67] . Furthermore, when fathers take longer periods of family leave they are more involved in infant caregiving nine months later [68] . Along this line, a study of infant childcare and infant interaction among first-time postpartum mothers and fathers revealed that when both parents were available, mothers spent more time providing care-giving than fathers [69] . Conversely, Fagerskiold [70] conducted a qualitative assessment of the lives of first-time fathers and found that when both parents were home, fathers and mothers equally contributed to infant care-giving. The latter work was conducted among a Scandinavian sample that abides by different social policy than North America.
When parental employment is considered, mothers provide a majority of nocturnal care-giving when they are not working; however, fathers increased their nocturnal caregiving behaviors when mothers returned to work [71] . Our recent mixed methods work indicates the extent to which either the mother or father carries out the majority of the nocturnal care-giving responsibilities [72] . Mothers reported more nocturnal awakenings and wake after sleep onset compared to fathers. The majority of mothers' awakenings were caused by the infant, whereas fathers' were not infantcaused. Mothers reported that during their nocturnal awakenings, they primarily carried out infant feeding, general infant care, and infant changing, respectively. Fathers reported that during their nocturnal awakenings, they were primarily due to passive awakenings, self-care, and for carrying out infant feeding.
Although it has not been investigated, we expect that fathers' nighttime parenting may have a supportive effect by reducing the burden on mothers and thus improving family outcomes. In light of our most recent qualitative findings, mothers do the majority of nocturnal care-giving. There are two possible modes by which to involve fathers more in infant nocturnal care-giving. First, fathers may need to take more of an initiative in conducting nocturnal care-giving responsibilities. Second, mothers may need to feel more comfortable with relinquishing care-giving responsibilities to fathers. A more balanced approach to nocturnal care-giving could be to negotiate and establish strategies to optimize parental sleep while providing necessary infant care [72] .
INTERVENTIONS TO IMPROVE POSTPARTUM SLEEP FOR PARENTS
Most randomized, controlled trials (RCTs) of sleep interventions have focused on changing the infant's sleep either through prevention of infant sleep problems in the first few months post partumor by treating infant sleep problems in the second half of the first postpartum year. Interventions aimed at promoting infant sleep in the early postpartum period [73] [74] [75] [76] [77] typically provided parents with information related to infant sleep and suggested strategies aimed at limiting interactions that could lead to unwanted sleep associations, increasing the infant's self-soothing ability, and facilitating day-night entrainment. All these trials found longer, more consolidated sleep periods for infants who received the experimental intervention; all outcomes were based on parent report of infant sleep. Although none of these studies examined the effects of the intervention on parental sleep outcomes, one author did examine effects on parents'stress [74] and found parents who received training related to infant sleep reported significantly fewer life hassles than parents in the control group when the infant was 6-9 weeks old. Parents in the sleep training group also did not experience an increase in life hassles over the first four postpartum months, as was observed in the control group parents.
RCTs conducted with older infants [78] [79] [80] [81] were focused on providing parents with information regarding negative sleep associations and the importance of self-soothing ability and strategies to decrease night feeding and waking, including establishing a bedtime routine, controlled crying and gradual removal of parental presence at sleep onset. No advice related to improving parents' sleep was offered. Three of the studies [78, 79, 81] included maternal sleep outcomes and found reductions in problematic infant sleep behaviors and a concomitant improvement in maternal report of sleep outcomes using select items from, or the entire, Pittsburgh Sleep Quality Index (PSQI) [82] .
Hiscock and Wake's [78] RCT evaluated sleep quality in only the final 57 women enrolled in their study (total n=156). Using two items from the PSQI, at two months postintervention women in the intervention group were significantly more likely than women in the control group to rate their own sleep quality as "very good" and less likely to rate it as "very bad" (X 2 =9.93, p=0.02) and were more likely to report they had "enough" sleep and less likely to have "not enough sleep" (X 2 =8.11, p=0.04). PSQI total scores were not reported. Differences in sleep quality between groups were not maintained at the four month postintervention assessment.
In a cluster RCT with 328 mothers at maternal child health centers, Hiscock et al. [28] found fewer intervention group mothers reporting poor sleep quality at three (63% vs. 72%, adjusted p=0.16) and five (52% vs. 63%, adjusted p=0.01) months post-randomization and insufficient sleep (34% vs. 45%, adjusted p=0.02) at the five month postrandomization assessment only. The authors did not specify which PSQI items were used for these assessments. Although these women were followed at 17 months postrandomization, no sleep quality data were reported at follow up [83] .
In a RCT of an internet-based intervention that included infants and toddlers (age range 6-36 months), Mindell and colleagues [81] reported improvements on the PSQI for maternal sleep onset latency, total sleep time, number of night awakenings, time spent awake at night, and sleep efficiency in women in the intervention groups at one-and two-weeks post-intervention. Unfortunately, these analyses were presented as within-group one-way repeated measures ANOVAs rather than between-group comparisons, thereby eliminating the benefits conferred by random assignment to group. Improvements within groups, including the control group, are evident but improvements in sleep outcomes based on experimental condition cannot be determined as the data are presented. However, total PSQI scores were analyzed across groups and at two-weeks post-intervention fewer mothers in the control group (25.0%) were good sleepers (PSQI total score <5) as compared to either of the intervention groups (33.3% intervention; 47.6% intervention plus routine; X 2 =10.72; p=0.005). Women were reassessed one-year post-intervention [84] ; using a single-item from the PSQI there was improvement in global sleep quality compared to baseline but ratings were not as high as at two weeks post-intervention. Again, these follow-up data were examined within-groups only.
Only one study has evaluated the effects of an intervention aimed at helping parents resolve their infant's behavioral sleep problems on both maternal and paternal subjective sleep quality [85] . This one-group, pre-test posttest study conducted with 39 couples found statistically significant improvements on PSQI total scores from baseline (2.2 point decrease, SD 4.1; p<0.000) at 6 weeks postintervention; unfortunately data were presented in aggregate form rather than analyzed by gender. Although sleep quality was also measured at 16 weeks post-intervention, those data were not presented so longer-term maintenance of sleep quality improvement is unknown.
From the findings of these studies of infant sleep interventions, improvements in infant sleep problems likely result in improved sleep quality for parents, presumably because parents have more time for, and less disrupted, sleep due to fewer and shorter interruptions for infant care at night. However, the strength of evidence from these reports is limited; only one uncontrolled study examined fathers' sleep, no studies employed objective measures of sleep, and all studies suffered from methodological and reporting problems. There is little evidence of the persistence of improved sleep outcomes for parents beyond the immediate post-intervention study period.
Given that infant and parent sleep are inextricably linked, it is surprising that few trials have offered strategies for improving parents' sleep. This dearth in the literature may be explained by a societal view that parental sleep disruption is an expected, non-modifiable experience of parenthood. Although night-parenting cannot be eliminated, three RCTs [86] [87] [88] have included interventions independent from the infant's sleep that could improve parents' sleep.
Lee & Gay [86] included two samples of parents in a RCT of a modified sleep hygiene intervention designed to reduce parental nighttime disruption. Strategies included proximity of the infant to the maternal bedside for care at night, reducing noise from the infant through use of a white noise machine, and low lighting in the maternal bedroom provided by a night light. These strategies, presented to the experimental group participants in the last month of pregnancy, were expected to make infant care more convenient and less arousing, thereby decreasing parent awakenings due to intermittent infant noise and facilitating parents' return to sleep when awoken. No advice related to infant sleep improvement strategies was given. Two samples of first-time expectant parents were enrolled; women and their partners in stable relationships (n=118) recruited from fee-based childbirth classes and women (n=122) recruited from free prenatal classes and clinics serving low-income women. Using actigraphy and self-report of sleep disturbance using the General Sleep Disturbance Scale (GSDS) [89] , parents' sleep was measured over a 48-hour period at both one-and three-months postpartum. In the socioeconomically advantaged sample of women and their partners, there were no differences between the intervention and control groups on any sleep outcomes including nocturnal sleep time, sleep efficiency, or wake time after sleep onset (WASO). In the sample of low-income women, those assigned to the intervention group attained more nocturnal sleep (7.1 hours, SD 1.4 vs. 6.5 hours, SD 1.4; p=0.016), better sleep efficiency (80%, SD 10 vs. 75% SD 12; p=0.024), and less WASO (19%, SD 10 vs. 23%, SD 12; p=0.029) at three months postpartum than women in the control group. Although the intervention was described as focused on reducing the frequency of arousals in addition to their duration, number of night awakenings was not reported. Maternal self-report of sleep disturbance on the GSDS did not differ between groups in either sample. These findings suggest that bedroom environment modifications alone may not improve sleep, particularly in advantaged families. While acceptability of the intervention was found in both samples, low fidelity of use of the interventions in the experimental groups (particularly the white noise machine) and contamination with interventionstrategies in the control groups likely limited ability to detect differences in sleep outcomes between groups. The authors suggest that women and their partners from socioeconomically advantaged backgrounds may have been better able to access advice related to maternal and infant sleep and acquire white noise machines and night lights on their own than the low income group of women whose social and material resources were limited. It may also be that the home environments of the less advantaged group were less conducive to sleep (e.g. noisier, more crowded) so that the modifications made to the bedroom in the experimental group were more beneficial.
Stremler et al. [87] conducted a pilot RCT (n=30) of a behavioral-educational intervention to improve maternal and infant sleep in the early postpartum. With the assumption that maternal and infant sleep are both affected by environmental and social cues and that a mother's sleep is affected by her infant's sleep, a multimodal behavioraleducational intervention was developed to reflect multiple influences and provide information, strategies, and encouragement to increase nighttime sleep and sleep continuity for both mother and infant. First-time mothers in the intervention group received a 45-minute meeting with a nurse in the immediate postpartum, a written booklet and weekly phone contact to reinforce information and problemsolve.
Topics covered in the one-on-one session and booklet included maternal sleep hygiene (e.g. avoidance of caffeine, keeping bedroom cool, dark and quiet), strategies to make maternal sleep a priority, maternal relaxation techniques (e.g. progressive muscle relaxation, deep breathing), discussion of the challenges of sleep deprivation and parenting, information on what to expect from infant sleep and sleep cues, strategies for infant sleep promotion (e.g. stretching length between feedings, bedtime routine) and strategies for promoting infant night-day entrainment and self-soothing. Control group participants received a 10-minute meeting during which only maternal sleep hygiene and basic information about infant sleep was discussed.Using actigraphy to measure maternal and infant sleep, infants in the intervention group woke less often and had longer stretches of sleep and women in the intervention group slept more at night (433 vs. 376 minutes, group difference 57 minutes [95%CI 6-100 minutes], 2p=0.03) and fewer rated their sleep as a problem at 6-weeks (χ 2 =4.82, 2p=0.03), as compared to the control group.
Based on these promising pilot findings, a large scale RCT (n=246) was conducted to be adequately powered to detect differences on a greater number of maternal and infant sleep and other health outcomes, to enroll a more diverse sample, and to examine outcomes at 12 weeks postpartum when infants are better able to sleep for a longer uninterrupted period without a feeding [88] . The intervention and control group conditions were slightly modified; control group participants received no information about maternal or infant sleep and telephone contacts were made to both groups at 1, 2 and 4 weeks postpartum instead of weekly. No statistically significant differences between the two groups were found on any of the maternal or infant sleep or other outcomes at 6 or 12 weeks post partum. Although women in the larger trial were ethnically diverse with 63% of women identifying themselves as Caucasian, 20% Asian and 7% Black, they were overwhelmingly partnered (97%), had attained post-secondary education (90%), and had a mean age of 32 years. These relative advantages in socioeconomic status and support may explain the lack of effect of the intervention. Indeed, many women in both the intervention and control groups (61%) sought out information about sleep on their own, and may have been able to implement maternal and infant sleep strategies independently. It also may be that the newborn period is too early to implement maternal and infant sleep strategies, or that the early postpartum period is such a period of great change, role adjustment and sleep debt for families that planning for and consistently implementing sleep strategies is not feasible or is not a priority.
The few examinations of interventions to improve parent sleep provide little support for such strategies in the early postpartum. Families who are socially disadvantaged may benefit most from advice regarding infant and maternal sleep and future interventions should be tested in this population. An exploration of parents' beliefs around infant and parent sleep and their experience of barriers, facilitators and motivations related to implementing sleep strategies would provide insight for development and testing of future interventions studies.
SLEEP AND PARENTS' RELATIONSHIP
Belsky and Pensky assert that the road to divorce begins with a decline in a women's relationship satisfaction after the birth of her first infant [90] . Slightly less dramatically, Shapiro and colleagues [91] describe the transition to parenthood as having at least a temporary impact on relationship satisfaction [92] . The differences in relationship satisfaction trajectories are strikingly different between postpartum and childless couples. Marital satisfaction among childless couples appears to increase across time, whereas marital satisfaction among new parents declines [93] . There are also differences in relationship stability based on parity. Among both primiparous and multiparous women, Wilkinson [94] found a general postpartum decrease in wellbeingalong with an increase in distress, while primiparous women specifically experienced a greater decrease in relationship satisfaction compared to multiparous women. Meijer and van den Wittenboer [95] report a decrease in relationship satisfaction for both mothers and fathers following the birth of their first child. The catalyst for this decreased relationship satisfaction during the postpartum period appears to be the stress of entering parenthood, rather than the time of being in the relationship [96] .
As might be expected, given the context of this review, sleep problems are associated with relationship unhappiness [97] . For example, among a large community sample of women, subjective sleep quality was positively associated with relationship satisfaction [98] . A recent review indicated that postpartum sleep disturbance may impact postpartum relationship satisfaction [99] . Our recent work supported the conclusion of this review, and further extended the understanding of sleep and relationship satisfaction among postpartum parents. Specifically, among both mothers and fathers, objectively measured total sleep time independently predicted relationship satisfaction over and beyond mood disturbance, as well as other objectively and subjectively measured sleep variables [100] . This particular work also demonstrated that new mothers and fathers were poor reporters of their partners' subjective sleep, relationship satisfaction, and mood disturbance. This finding is especially important because accurate partner perceptions are associated with favorable relationship outcomes [101] .
Relationship quality and sleep seem to be bi-directionally associated among women; because the marital/partner relationship is the main social context for most adults, and most married adults co-sleep, Troxel and colleagues conclude that sleep may have important implications for this relationship [102] . Most studies of sleep and relationships have focused on how relationship satisfaction is affected by one partner's sleep apnea -or snoring. Particular to new parents, their functioning and relationship with their partner can be directly affected by both their own, as well as their partner's sleep disturbance. Specifically, maternal sleep disturbance has been found to affect fathers' sleep disturbance, and the converse has also been found [95] .
From a systems perspective, the implications of marital relationship satisfaction on infant well-being [92] is also tied up with the influence of the infant on the parents' sleep. Nystrom and Ohrling [103] describe new mothers' and fathers' experience as, "living in a new and overwhelming world" (p. 319). Although both first-time mothers and fathers report a decrease in marital satisfaction across the first postpartum year, they also report an increase in their infant care self-efficacy [60, 95] . Relationship satisfaction is particularly important to consider among postpartum parents because it influences positive mother and father coparenting behaviors towards young infants [104] and generally promotes positive health outcomes within relationship dyads [105] .
FAMILY SLEEPING LOCATIONS
The American Academy of Pediatrics [106] , National Institute of Child Health and Human Development [107] , and the United States Consumer Product Safety Commission [108] [109] have made consistent recommendations that safe infant sleep means the infant sleeping in a separate bed in the same room as the mother. Despite this controversial [110] recommendation, the limited research on this topic suggests that infant-parent bedsharing is highly prevalent. One in 10 children between the ages of 2 weeks and 2 years sleep exclusively in the parents' bed, and an additional 5-16% sleep in the parents' bed at least part of the night [17, 111] .
It is unknown what proportion of bed sharing in this age range is by choice or by perceived necessity. At the 2009 meeting of the Society for Research in Child Development, Middlemiss and Granger report that maternal salivary cortisol was higher when they were bed sharing with their infant by necessity rather than choice. The relation between infant bed sharing and parental sleep has been entirely uninvestigated. The relatively high proportion of children reported to co-sleep with their parents -despite the professional recommendations -emphasizes the need for research on this topic. Such research should be both scientifically objective, and sensitive to the cultural and family dynamics surrounding this parenting decision [112] .
FEEDING METHODS
Because of its well-established benefits to both the infant and mother [113] , any perceived disadvantage of breastfeeding should be carefully evaluated. One obstacle to a woman's decision to breastfeed may be concern about how breastfeeding will affect her sleep. Panchula Thus, while the benefits of breastfeeding are undisputed, maternal concerns about how her feeding method may affect her sleep deserve empirical answers. Some subjective evidence from maternal diaries of infant sleep suggests that compared to formula-fed infants, breastfed infants have less total sleep time [115] [116] [117] [118] and more nighttime awakenings [116] [117] [118] , though others report no differences on either infant sleep measure [119, 120] . The single objective (actigraphic) study of infant showed more fragmented infant sleep with increased nocturnal breastfeeding [121] .
These cumulative findings are explained by the expectation that because breast milk is thought to be digested more quickly, the breast fed infant will awaken more often. However, the common belief that breast feeding leads to greater maternal sleep disruption is almost entirely untested. Four studies have evaluated this question. Three have used actigraphy and found that breastfeeding mothers spend more time awake during the night, but have no total sleep time differences [61] , that breastfeeding mothers slept 40 minutes average more per night [122] , and that there were no differences whatsoever [123] . Similar to the Gay et al. study [61] , a report based on home polysomnography found that breastfeeding mothers had lower sleep efficiency and more nocturnal awakenings, but no total sleep time difference [124] .
Two studies have included subjective sleep disturbance and fatigue reports, which also showed no significant differences between mothers who breastfed compared to those who both breast and formula fed their infant [61, 123] . The contrast between these negative subjective maternal sleep findings and previous studies showing that mothers report their breast fed infants to awaken more often at night [116] [117] [118] are intriguing. Without maternal evidence, it would stands to reason that if the infants awaken more often their mothers would too. It is possible that despite their selfreports, breastfeeding mothers are awakening more often during the night to feed their infants but that they return to sleep more quickly or sleep during feedings, and consequently do not remember these awakenings. Objective actigraphy cannot be used to determine whether this is true since actigraphy is not validated for identifying discrete awakenings.
We submit that if breastfeeding mothers are awakening more often at night, breastfeeding itself may induce a compensatory effect. In other words, if they are awakening more often at night, breastfeeding mothers may return to sleep more quickly and not remember these awakenings. Possible reasons for this may include that they are not exposed to as much ambient light or physical activity required to prepare formula. It is also possible that breastfeeding mothers are sleeping during feedings; Quillin and Glenn [125] report that breastfeeding mothers who cosleep have more sleep than both those who do not co-sleep and formula-feeding mothers.
The notion that breastfeeding may have a soporific effect has some support. Sanchez and colleagues showed that four nucleotides present in breast milk have both strong maternal circadian rhythms and appear to facilitate a "hypnotic action" in the infant [126] . In addition, differences in circulating prolactin are suspected to have a primary role in sleep architecture differences among breast and formula feeding mothers. Prolactin shows a nocturnal peak which is vital for milk production, and is usually associated with facilitation of sleep onset and delta wave activity important for restorative sleep [31] .
CONCLUSIONS
In sum, the body of empirical work on postpartum mothers and, to a more limited extent, postpartum fathers, shows a strong profile of sleep disturbance linked to parental mental health and adverse consequences to infant development. A growing body of research consistently challenges the efficacy of standard advice to avoid any type of infant bedsharing; rather, it may be more advantageous to parents to provide education about how to do so safely. In addition, the impact of infant breastfeeding on maternal sleep does not appear to be deleterious, as once believed. Although the postpartum period should be considered a normative developmental period, early return-to-work expectations for new parents are likely the reason for high rates of parent-reported infant sleep problems in our society. Hence the need for evaluation of early intervention strategies, which have thus far received little empirical support. There are plentiful opportunities for future research on the sleep of postpartum families. Priority areas include evaluation of the long-term recovery from postpartum parental sleep disturbance, analyses of typical strategies used by parents to cope with sleep disturbance, microanalysis of cause and effect influences of parent-child nocturnal awakenings, and creative intervention strategies aimed to facilitate healthy parental wellbeing while emphasizing that the child is a developing system in need of nocturnal caregiving.
